Introduction
Metabolic syndrome (MS) is a cluster of cardiovascular risk factors such as diabetes mellitus (DM), pre-diabetes, central obesity, dyslipidemia, and high blood pressure (BP). [1] [2] [3] It is estimated that approximately one quarter of the world's population have the syndrome and people with this condition are likely to have a heart attack or stroke compared with people without it. 2 Even more alarming is the fact that the risk of developing DM is fivefold greater in people with this syndrome. 1 In 1976, Wellborn and Wearne 4 established the link between type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD). Pyorala 5 showed strong links between glucose intolerance, hyperinsulinemia, and coronary heart disease (CHD) and this link was extended in the 1980s by Modan et al 6 to include obesity, hypertension, and CVD. 
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Although the pathogenesis is not fully understood, it has been postulated that genetically determined insulin resistance in a setting of suitable environmental factors is the pivotal pathogenic mechanism underlying MS. 7 Lipoprotein lipase deficiency largely accounts for the lipid abnormalities seen in MS, 8 while hypertension is due to enhanced sympathetic activities, salt sensitivity, and increased transmembrane cation transport. 9, 10 The role of TNF in obesity and insulin resistance has also been described. 11 Developing nations are witnessing rapid industrialization, urbanization, and increased economic prosperity and the resulting acquisition of the western lifestyle characterized by calorie excess and physical inactivity would provide a suitable milieu for the development of MS in genetically predisposed individuals. The prevalence of MS is known to vary across the world: age and ethnicity of the populations being studied are also key issues influencing the prevalence. 12 CVD is unanimously recognized as the major burden in T2DM in terms of mortality and morbidity. 13, 14 Unfortunately, myocardial infarction, stroke, and non-ischemic CVD are the causes of death in up to 80% of patients with T2DM. 15 It is worthy to note that the constellation of metabolic derangements often seen in people with insulin resistance and T2DM is individually associated with an increased risk of a CVD. 16 The relationship between pre-diabetes and a family history of DM and cardiovascular risk has been increasingly emphasized. Several hypotheses have been generated in order to explain such relationship between family history of diabetes and cardiovascular risk profile of individuals. [17] [18] [19] [20] [21] [22] [23] [24] Family history of diabetes increases per se the risk of CHD even in non-diabetic subjects. 21 This may be due to an increased prevalence of abdominal fat content in such subjects, 22 elevated systolic BP (SBP), higher triglyceride and cholesterol plasma concentration, 23 and higher PAI-1 activity. 24 All these conditions could increase the cardiovascular risk profile of individuals and lead to them being considered as an "at risk population" even considering their apparently "healthy" general clinical condition. Family history of DM is not only related to a pure increase in metabolic alterations predisposing to the onset of overt diabetes but it seems to overcome the endocrinology alterations and to provoke early lesions even in the vascular walls. Thus, family history of diabetes increases cardiovascular risk profile of individuals. Although this is not supported by strong scientific evidences, many observational studies revealed its relationship with increased cardiovascular risk. Although literature is poor about human protocols demonstrating the effects of pre-diabetes and diabetes on direct evidence of cardiac myocyte hypertrophy, some evidences can be outlined. [25] [26] [27] Among Turkish people, a Coronary Heart Disease Study revealed that two out of every three cases originate from MS 28 and according to the World Health Organization (WHO); "CHD is developing in developing countries" it is a plague to avoid. 29 CHD was thought to be uncommon in Nigeria but the prevalence appears to be rising in keeping with urbanization, westernized diet, and increasing levels of physical inactivity. Though the current prevalence is not known, it seems reasonable to expect an increase in its frequency as the lifespan of the population increases, particularly with the increasing prevalence of T2DM. 30 In Eastern Nigeria, Dagogo-Jack and Odia 31 reported six cases of myocardial infarction in PortHarcourt in 1990 and four out of the six cases had T2DM. Out of three cases of myocardial infarction reported by Danbauchi and Onyemelukwe in Zaria, Northern Nigeria, two of them had T2DM. 32 Thus it can be said that the cardiovascular complications of DM (which are also a leading cause of blindness, amputation, and renal failure) account for much of the social and financial burden of the disease. 1 With MS driving the twin global epidemics of T2DM and CVD, there is an overwhelming moral, medical, and economic imperative to identify people with this syndrome early so they can benefit from lifestyle interventions and treatment that may alter the course of the disease.
Diagnosing MS will help in identifying individuals at increased risk of CVDs: a similar risk is known to exist in individuals with T2DM. The question this study will also attempt to answer is "to what extent is CVD risk altered in T2DM persons with MS?" The United Kingdom Prospective Diabetic Study risk engine (UKPDS-RE) is a computer based estimation of cardiovascular risk in patients with T2DM: it will be used to estimate the cardiovascular risk in T2DM. The effect of MS on the estimated cardiovascular risk in these subjects will also be analyzed. This is the first study in Benin City that has assessed the impact of T2DM on cardiovascular risk in subjects with MS using the UKPDS-RE. To the best of our knowledge, there has not been any previous study on this group of subjects.
aims and objectives
This study sets out to evaluate the impact of the coexistence of MS and T2DM on the estimated cardiovascular risk as calculated using the UKPDS-RE and also to determine the impact of the coexistence of MS and T2DM on the 10-year risk of developing CHD and stroke. 
Methodology ethical considerations
Ethical approval was obtained from the Ethics and Research Committee of the University of Benin Teaching Hospital (UBTH) before the commencement of the study and consent was obtained from study subjects. This was a cross-sectional study carried out at the Diabetes Clinic of the UBTH, a 500-bed Federal Government tertiary hospital in Benin City, Edo State in the Southsouth geopolitical region of Nigeria. The UBTH receives referral cases from Edo State and neighboring states like Delta, Ondo, Ekiti, and Kogi States and the Federal Capital Territory, Abuja. A total of 124 subjects were recruited from the Diabetes Clinic of the UBTH and the inclusion criteria includes: T2DM patients presenting to UBTH within the last 24 months using the 1999 WHO criteria, 29 people aged 30 years and above, on treatment with oral hypoglycemic drugs plus or minus non-pharmacological therapy and not requiring insulin for survival, and finally subjects who consented to participate in the study. The exclusion criteria included subjects diagnosed with other types of DM, with T2DM and age ,30 years, and those who declined.
control subjects
Ninety-six control subjects were recruited from among the staff of UBTH and healthy relatives of non-diabetic patients. The inclusion criteria includes: non-diabetic ageand sex-matched adult with normal fasting blood sugar less than 110 mg/dL while the exclusion criteria includes: non-diabetics less than 30 years of age, first degree relative of type 2 diabetic, non-diabetics who declined being a part of the study.
A convenience sampling technique was used to recruit 124 subjects with T2DM and 96 controls using a questionnaire administered technique. The following were assessed: anthropometric indices, BP, serum lipid profile, fasting blood sugar, proteinuria, and microalbuminuria. 30, 31 The WHO criterion was used in this study to define MS (Table 1) . In order to determine the sensitivity and specificity of these diagnostic criteria in persons living with T2DM, the UKPDS-RE was used to identify persons with increased risk for stroke and those with increased risk for CHD. Individuals with stroke risk ,15% (in the green zone) were considered normal ( Figure 1 ). Those with stroke risk $15% (outside the green zone) were considered as having an increased risk for stroke. Similarly, persons with risk of ,15% for CHD were considered normal while those with CHD risk $15% were considered as having an increased risk for a coronary event. The data obtained were analyzed using the SPSS version 16. Statistical comparisons of proportions were made with chi-square. A P-value of less than 0.05 was taken as statistically significant.
Anthropometric measurements of weight, height, waist circumference (WC), and hip circumference (HC) were measured for each subject as follows: the weight was measured with subjects in light clothing, without shoes using 
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Ogedengbe et al a weighing scale and recorded in kilograms measured to the nearest 0.1 kg. The height was measured, without shoes and the subject standing upright and looking straight ahead (along the coronal plane) using a stadiometer and was recorded to the nearest 0.1 m. The body mass index (BMI) was calculated by the formula: BMI = weight (kg)/Height 2 (m). The WC was taken at the point midway between the inferior margin of the rib cage and the iliac crest to the nearest 0.1 cm using measuring tape. The HC was measured at the level of the maximal gluteal circumference (along the greater trochanter) to the nearest 0.1 cm with subjects standing erect, hands at the sides, and feet together. The waist-hip ratio (WHR) was thereafter determined as the WC divided by the HC. The BP was measured to the nearest 2 mmHg using a standard mercury sphygmomanometer with subjects in the sitting position and the arms resting on the arms of a chair and the sphygmomanometer at the level of the heart using the first and fourth Korotkoff sounds for the SBP and diastolic BP (DBP) respectively.
laboratory investigations
All subjects were instructed to observe an overnight fast for 8-10 hours before the day of sample collection. Approximately 20 mL of blood was collected from the ante-cubital vein using sterile disposable needles and syringes, for the following investigations: 1. Fasting blood sugar: 2 mL of blood was collected in fluoride oxalate bottles and then analyzed for plasma glucose within 1 hour by the glucose oxidase method. 2. Serum lipid profile: blood was collected in plain bottles, allowed to clot and the serum separated and stored at −20°C until analyzed. The assay was done by enzymatic method using Randox Kit. 3. Approximately 1 mL of blood was collected for glycated hemoglobin assay. 4. Urinalysis testing for proteinuria using Combi 10 test strips and microalbuminuria using Micral test kit.
how the UKPDS-re works
The UKPDS-RE is a type 2 diabetes specific risk calculator based on 53,000 patient years of data from the UK Prospective Diabetes Study, which also provides an approximate "margin of error" for each estimate. 
Results
This study was conducted between February 2011 and July 2011. Two hundred and twenty-three subjects were enrolled: 125 subjects living with T2DM, 98 non-diabetic control subjects (without a history of DM in a first degree relative). Out of the 125 subject living with T2DM, 124 met the requirements for inclusion in the analysis stage. The only subject excluded had an incomplete result and an incomplete questionnaire. Out of the 98 non-diabetic control subjects, two were dropped for the same reason. One hundred and twenty-four subjects with T2DM and 96 controls who met all the requirements were included. Therefore, a total number of 220 subjects participated in this study.
Of the 96 controls, 38 (39.6%) were males while 58 were females (60.4%) and their mean age was 58.6±11.2 years while the age range was 31−83 years. The majority (over 60%) of the control subjects were within the age range of 50−69 years ( Table 2 ). The mean age (standard deviation) of the subjects with T2DM was 58.6±11.2 years. No significant age and sex difference was observed in these groups and this is suggestive of a study with subjects well matched for age and Table 3 shows the prevalence of MS using the WHO diagnostic criteria. Using the WHO as the gold standard criteria for diagnosis, the prevalence of MS in the control and T2DM groups were 13.5% and 87.1% respectively.
Prevalence of MS
A group by group comparison of proportions of subjects with MS showed a statistically significant higher proportion of persons with MS in the T2DM group than in the control (χ 2 =1.183, df =1, and P=0.000 respectively of T2DM subjects with MS and those without MS was observed (P=0.01, 0.01, 0.01, 0.01 respectively). These means were higher in T2DM subjects with MS. There was no significant difference observed in the mean WHR of T2DM subjects with or without MS even though the mean WHR was higher in subjects with MS. There was a statistically significant difference in the mean of the triglycerides, SBP, DBP, FBS, and HbA 1c in T2DM subjects with MS compared to T2DM subjects without MS (P=0.02, 0.01, 0.01, 0.01, 0.01 respectively). However, no significant difference in total cholesterol levels, HDL, and low-density lipoprotein (LDL) levels was observed (Table 4) .
Of the 124 subjects with T2DM, 15 (12.10%) were identified by the UKPDS-RE version 2.0 as having an increased risk for stroke while ten (8.06%) were identified as having an increased risk for a coronary event. Seven subjects (5.65%) had increased risk for both conditions. The ability of the WHO criteria to identify these individuals with T2DM who have significant cardiovascular risk was assessed and odds of developing a stroke and that of developing a coronary event was calculated to determine the possible impact of MS in the lives of T2DM subjects with MS. This implies that the odds of a T2DM subject with MS developing a stroke compared with that of a T2DM subject without MS developing a stroke are equal (0.9579≈1). Table 5 shows the odds associated with developing an increased risk for stroke while having MS.
This implies that the risk of a coronary event occurring in a T2DM subject with MS is not the same as that of a T2DM subject without MS. Persons with T2DM and MS have a 
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Discussion
The mean age of T2DM subjects in this study was (58.6±11.2 years) and there were more females (59.7%) than males (40.3%) with T2DM.
A comparative analysis of clinical and biochemical variables between T2DM patients with and without MS revealed that the mean BMI, SBP, DBP, FBS, HbA 1c , total cholesterol, LDL cholesterol, and triglycerides were higher in T2DM subjects with MS; the mean BMI, SBP, DBP, FBS, HbA 1c , and triglycerides were significant. On the other hand, the mean HDL cholesterol was higher in T2DM subjects without MS though this was not significant. This is despite the fact that the use of medications for both hypertension and hyperlipidemia was much more common in T2DM patients with MS. This finding was similar to that reported in Japan by Hirohito et al 33 who observed that BP and serum triglycerides were significantly higher and HDL cholesterol was significantly lower in MS patients. Similarly, Carole et al 34 reported that patients with MS were more likely to have higher HbA 1c , total cholesterol, and LDL cholesterol.
Diabetic patients are known to be at greater risk for CVD than non-diabetic subjects, 35 and it has been suggested that MS is responsible for the increased prevalence of CHD seen in diabetic patients. 36 To the best of our knowledge, there have been few cohort studies specifically targeting diabetic patients to determine the relative risk of MS on the incidence of CVD [36] [37] [38] and mortality due to CVD.
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The UKPDS-RE is a risk model used only for diabetes patients. Van Der Heijden et al 40 reported that the UKPDS risk function was more accurate in predicting CHD in a Hoorn study cohort of newly diagnosed T2DM patients than were the Framingham and SCORE methods. The UKPDS-RE version 2.0 was used to identify T2DM persons at increased risk for stroke and coronary events. Fifteen subjects were identified in our study as having an increased 10-year risk for stroke and ten subjects had an increased risk for a coronary event. Using the WHO criteria to screen for persons with MS who are likely to present with these events, the odds ratio for the events was calculated. The odds of a T2DM person with MS having an increased risk for stroke compared with that of a T2DM person without MS was 0.9579≈1. This implies that a T2DM person with MS and a T2DM person without MS have equal risk of developing an increased risk for stroke. Thus, MS from this study does not appear to cause an additional increase in the risk of stroke in persons with T2DM, however DM is clearly one of the most important risk factors for stroke. 41 Commonly, the relative risk of stroke in diabetic patients is higher than non-diabetic, but the rate of relative risk is wide and varies in different studies. 42 In black diabetic Americans, the peak rate of risk for stroke (eight to ten times higher) is at the age of 34-45 years, but in the same age range, whites have a 2.6-5.3 relative risk for stroke. 42 The highest risk for stroke for white diabetic Americans is at the age of 45-64 years. Approximately 37%-42% of all incidences of stroke are associated with diabetes alone or in combination with hypertension 43 and one-third of all acute stroke patients may have diabetes. For patients presenting with post-stroke hyperglycemia, impaired glucose tolerance or diabetes is present in two-thirds of survivors. 44 Japanese with diabetes have two to five times the risk for stroke compared to non-diabetics. 45 The risk of stroke in Japanese men in Hawaii increased with age for diabetics and non-diabetics. The risk was substantially higher among diabetic compared with non-diabetic individuals at almost all ages. 45, 46 Women with diabetes and no history of CVD have a threefold increased fatal stroke risk compared with non-diabetic women without CVD. 47 The odds of a T2DM subject with MS developing an increased risk for a coronary event compared with that of a T2DM subject without MS was 3.451≈3. This implies that the risk of having an increased risk for a coronary event in a T2DM subject with MS is not equal to the risk of a T2DM subject developing a coronary event and it appears that T2DM subjects with MS are more likely to suffer a coronary event than T2DM subjects without MS. It has been shown that MS can increase (by three to four times) the risk of death due to ischemic heart disease by the Kuopio Ischaemic Disease Risk Factor study in Finland. 48 Qiao et al 48 reported in Finnish and Swedish cohorts that MS and its components predicted the incidence of stroke and CHD equally well. Bruno et al 35 in the Casale Monferrato Study, reported that diabetic subjects with even only one component of MS have more than twofold higher risk of cardiovascular mortality than subjects with diabetes only, independent of age, sex, smoking, total cholesterol level, CHD, and cumulative HbA 1c . Similarly Guzder et al reported that MS at baseline is associated with an increased risk of CVD incident in the 5 years following diagnosis of T2DM. 49 The CVD-free survival rates declined incrementally as the presence of MS features increased. Though several studies that have looked at the cardiovascular outcomes in patients with T2DM. In a study by Seon et al 50 the 10-year CHD risk and 10-year stroke risk were 14.92% and 4.03%, respectively, calculated using the UKPDS-RE. The 10-year CHD risk was relatively high, and the risk of CHD tended to increase after onset of T2DM: although they did not study patients with MS like in our study, it is worthy to note that patient outcome was similar to what we reported. The UKPDS-RE has recently become controversial in its reliability to predict CHD or stroke. Bannister et al 51 noted that the relatively poor performance of the UKPDS-RE may be explained, at least in part by the differences in the baseline profiles of the UKPDS and Clinical Practice Research Datalink populations. These plausible explanations include the epidemiological setting, changes in life expectancy, changes in smoking habits, the presence or absence of comorbidities, temporal changes in diabetes management, and changes in the general quality of care. Other plausible explanations include the possible harm of overly aggressive treatment with sulfonylureas and insulin in the early stages of the disease.
In the external validation of the UKPDS-RE in patients with T2DM study by Van Dieren et al; 52 they observed that their mean follow-up time was 8 years; therefore, they could not validate 10-year CVD and CHD risks. However, the UKPDS-RE is in principle, designed for all risk periods including periods shorter than 10 years. Secondly, their population consisted of all diabetes cases, not just individuals newly diagnosed with diabetes. Therefore, they could only validate the use of the UKPDS-RE for patients who have been diagnosed with diabetes for some time. Finally, they had some missing values in the baseline factors. There are several explanations for the poor to moderate performance of the UKPDS-RE to predict CHD and CVD risk in this population. First, the UKPDS-RE was developed from a cohort that started including patients in 1977. Treatment of T2DM and prevention of CVD has improved since 1977 and the risk of developing CVD has declined with better treatment of T2DM. Also, as diabetes is now detected at an earlier stage, therapeutic intervention can be initiated earlier, reducing CVD risk even further. Altogether, this may likely explain the large differences in predicted and observed absolute risks that have led to poor calibration. A major strength of this study is that it is the first study in Benin City that assessed the impact of T2DM on cardiovascular risk in subjects with MS using the UKPDS-RE. To the best of our knowledge, there has not been any previous study on this group of subjects. This was a small study with notable limitations which include: 1) the original UKPDS model tended to overestimate event rates across studies, therefore a modified UKPDS model which includes adjustments for prior cardiovascular history has the potential for use as a tool for benchmarking and may be useful for predicting cardiovascular rates in clinical studies. This modification could be further evaluated, recalibrated, and validated using patient-level information derived from prospective clinical studies to yield greater predictability. 2) We did not consider medication use in the diagnosis of MS in this study. 3) Mortality was not analyzed because we did not have sufficient occurrences at this stage of the study. A larger and specifically designed study is needed to evaluate the effects or impact of the MS on the cardiovascular status of Nigerians with T2DM, as cardiovascular events are known to be a major cause of mortality in this group of persons worldwide.
Conclusion
In conclusion, the increased risk of CVD at the onset of type 2 diabetes observed in this study is consistent with previous studies. This study has demonstrated that the MS appears to increase the risk of a coronary event in a person with T2DM by threefold.
